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Summary
To clarify the roles of some parameters on lava flow

morphologies, we have developed a three-dimensional nu-
merical simulation model of lava flow and done a number of
calculations with various values of parameters. Our prelimi-
nal results of calculations suggest that the length of lava
flow is, as expected, a function of rheological properties of
lava flow, eruption rate, slope angle, and cooling efficiency.
The relationship of these parameters and morphologies of
lava is not simple, which implies that we could not con-
strain rheological properties or eruption rate from the length
of lava flow alone. On the other hand, the width of lava flow
is mainly controlled by yield strength and eruption rate.
Hense we consider  that the width of lava flow is the most
important key to estimate eruption rate.

Introduction
The existence of very long lava flows on Mars and Ve-

nus has been promoted attempts to relate lava flow length to
the rheological properties of lava and eruption rate [e.g., 1,
2, 3]. The final shape of lava flow is thought to be con-
trolled by viscosity, yield strength of lava, topographic fea-
tures, eruption rate and erupted volume, cooling efficiency,
and so on. Since most of these parameters controlling flow
shape should change with time and place, there were several
attempts to find the most effective parameter that governs
the flow shape and relationships among the parameter and
the flow morphology.  However, except for the channel
flow, the most effective parameter and relationships be-
tween the parameter and flow morphology is not well un-
derstood, even empirically [4, 5]: the existing model suggest
that the lengths of the long lava flow are regulated by erup-
tion rate [6], erupted volume [7], or rheological properties [
1]. It is unclear which one is the most potent parameter.
Therefore, at this time it is not easy to constrain rheological
properties or eruption rates of lava flows from their mor-
phologies. To understand role of each parameter on lava
flow morphologies, it is necessary to develop a general
model of lava flow motion. Analytical two-dimensional
model could not explain lateral and longitudinal spread of
lava flow, and isothermal model could not explain morpho-
logical effects of rheological properties that would change in
time and place. Here, we take a three-dimensional numeri-
cal simulation approach to understand roles of parameters
on lava flow morphologies.

Outline of the Method
There were several attempts of numerical simulations of

lava flows [e.g., 8,9,10]. These models could roughly repro-
duce final shapes of lava flows, but are not precise enough
for our purpose. That is because they used oversimplified
mathematical models, since most of their goal is to make
hazard maps in short calculation time. However, among
them, the method by Ishihara seems to be more realistic,

and has a great advantage to examine flow shape except for
two problems. One is that it cannot calculate flows on a
plane whose angle is less than about 5 degree, and further it
cannot calculate flows longer than several km because of the
anisotropy of their calculation method. Then, we improved
their method for two points: we used a new basic equation
of flow motion which consider the pressure driven flow to
examine flows on a slightly inclined or flat plane, and im-
proved the calculation method to keep isotropy.

Lava flow is known to behave as a Bingham fluid which
is characterized by yield strength and plastic viscosity. We
assume that a lava flow is a Bingham fluid, and that it flows
as an incompressible laminar flow. These assumptions are
widely made for analytical model of lava flow. Ishihara uses
a downslope model of Bingham fluid derived by Dragoni
[11], though this model is valid only when the plane beneath
lava is inclined. In order to make the calculation possible
when the slope is flat, we consider a pressure driven flow on
this model. From the newly introduced equation of motion,
which is a sort of steady state Navier-Stokes equation, and
from the assumption of Bingham fluid, we derived a flow
rate per unit width, which is the basic equation of our
simulation code. Using this equation we calculate flows
between nearest neighbor cells and pile up them for every
cell.

Heat of lava flow is carried in accordance with the flow
motion. Temperature of the lava in a cell is considered as
isothermal: vertical temperature variation is neglected. For
the cooling mechanism, we consider the radiative heat loss
only from the surface of the flow, but the effect of conduc-
tion to the ground and to the atmosphere is neglected. Ra-
diative heat loss of thermally mixed case is the extreme case
because lava tubes and conductive lava crust actually lower
the heat loss. Therefore, we introduced a parameter which is
called cooling efficiency.  It represents a fraction of exposed
inner hot core and cool crust at the lava surface, and its
range is from 0 ( without cooling ) to 1 ( without crust ).

The method of Ishihara is a kind of cellular automata
method which  is known to be strongly dependent on mesh
shapes: flow on a flat plane spread to form rectangle shape
though it should spread axisymmetrically. This problem
affects the results significantly, and become a serious prob-
lem especially for calculations of large scale lava flows. In
order to remove this problem, we consider a cellular
automaton which has randomized representative points. We
calculate all flows between the central cell and neighbor
cells whose representative point  is not distant the width of
cell from the representative point of the central cell. Under
this method, we can get perfectly mesh free results and can
calculate large scale lava flows without numerical instabili-
ties in a realistic calculation time [12].

Our method is validated against the steady state solution
of isothermal Bingham fluid by Hulme [1] for two dimen-
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sional and isothermal flows, and by application to the ob-
served actual lava flow.

Results and Discussion
The shape of small scale lava flow, especially the width

of lava flow, seems to be controlled by the topographic fea-
tures like valleys. However, as for large scale lava flows
like flood basalts, small topographic features are thought to
have scarcely affected the morphology of lava flows. There-
fore it would be more meaningful to calculate large scale
lava flows on a gentle slope plane. We calculate with vari-
ous values of parameters to confirm if small change of some
parameters could affect final morphologies. Here is the pre-
liminary summary of the quantitative relationship between
physical parameters and morphologies.

Rheological properties: The effect of viscosity and
yield strength on length, width, and thickness of lava flow
are summarized in Fig. 1a. As expected, yield strength is
very important for flow morphology: it significantly affects
length, width, area, and thickness. Smaller yield strength
makes lava flow wider, longer, and thinner. On the other
hand, viscosity does not largely affect width and thickness
of lava. Actually, when viscosity is small, the lava flows
faster, and therefore, the flow becomes longer and a little
thinner, but the width of lava is not largely affected by vis-
cosity.

Eruption rate: Calculation results with various erup-
tion rates and constant erupted volume of lava are summa-
rized in Fig. 1b. The eruption rate strongly affects the flow
morphology: with increasing eruption rate, lava becomes
wider and thinner. The decrease in length at higher eruption
rate is due to the change of the controlling factor of the
length. With the eruption rate below 107m3/s, the width of
lava is relatively narrow which means that the length of lava
is mainly controlled by cooling processes. However, with
eruption rate heigher than 107m3/s, the width of lava be-
comes relatively wider and the thickness becomes signifi-
cantly thinner, the length of lava is limited by their volume.
This means that the eruption rate cannot be uniquely known
from the length of lava alone. To estimate the eruption rate,
we have to know the width of lava flow.

Slope angle: We also examined the effect of slope an-
gle. Fig. 1c shows the morphologic change with slope angle.
Note that the slope angle is small: from 0.01 to 1.0 degree.
However, the length of lava flow  is largely affected by the
angle.

Cooling efficiency: Cooling is one of the most impor-
tant processes for flow morphology. We take the radiative
heat loss into account,  and considered development of the
crust by using cooling efficiency whose value is from 0 (
without cooling ) to 1 ( no crust ). As predicted,  the length
of lava is largely affected by cooling efficiency. However,
the width  change is not so serious against cooling effi-
ciency.

Thus we ensured that the length of lava flow is con-
trolled by rheological properties, eruption rate, slope angle,
and cooling efficiency. The relationship between these pa-
rameters and lava flow morphologies are not simple and

they interact each other. For this reason, we could not con-
strain any parameters of lava flow only from their length.
On the other hand, the width of lava flow is slightly con-
trolled by rheological properties and cooling efficiency, but
mainly controlled by eruption rate and yield strength. There-
fore, we can deduce that the width of lava is the most impor-
tant key to estimate the eruption rate.

References: [1] Hulme, G., Icarus, 27, 207-213, 1976.
[2] Zimbelman, J. R., Lunar Planet. Sci., 16, J. Geophys.
Res. Suppl., 90,  157-162, 1985. [3] Pieri, D. C. and Baloga,
S. M., J. Volcanol. Geotherm. Res., 30, 29-45, 1986. [4]
Pinkerton, H., and Wilson, L., Lunar Planet. Sci., XIX, 937-
938, 1988. [5] Mouginis-Mark, P. J., Wilson, L., and Zuber,
M. T., in Mars, the university of Arisona press, 1992. [6]
Walker, G. P. L., Phil. Trans. Roy. Soc. London, 274, 107-
118, 1973. [7] Malin, M. C., Geology, 8, 306-308, 1980. [8]
Ishihara, K., Iguchi, M., and Kamo, K., IAVCEI Proc. in
Volcanology, 2, 174-207. [9] Young, P., and Wadge, G.,
Computers & Geosciences, 16, 1171-1191, 1990. [10]
Barca, D., Crisci, G. M. D. G., and Nicoletta, F., in Active
lavas, UCL press, 291-302, 1933. [11] Dragoni, M., J. Vol-
canol. Geother. Res., 30, 305-325, 1986. [12] Miyamoto, H.,
and Sasaki, S., Computers & Geosciences, in press, 1997.

length 
(km)

width 
(km)

thickness
 (m)

0

100

200

300

400

500

600

700

0

20
40

60

80

100

120

140

160

105 107 109 105 107 109
0
5

10
15
20
25
30
35
40
45

105 107 109

eruption rate m3/s

 0.5
 0.3
 0.1

viscosity Pa s

yield strength

     102N/m2

103N/m2

104N/m2

slope angle

cooling efficiency

a

b

c

d

cooling efficiency

Fig. 1. Effects of parameters on standard basaltic lava flow:
calculation results with various viscosity and yield
strength (a), eruption rates (b),  slope angles (c), and
cooling efficiencies (d).
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